We establish the existence of positive radially symmetric solutions of Au + /(r, u, u') = 0 in the domain R l <r<R 0 with a variety of Dirichlet and Neumann boundary conditions. The function / is allowed to be singular when either u = 0 or u' = 0. Our analysis is based on Leray-Schauder degree theory.
1.
In this paper we consider the existence of positive radially symmetric solutions of the singular equation Here r = \x\, xeU N , N2:3; d/dr denotes differentiation in the radial direction; Ko = °°; / is continuous on (Rj,R 0 ) x(0, oo) x( -00,00). The equation is singular because / is allowed to be singular at u = 0, u' = 0 and r = R 0 , R i . Equation (1.1) arises in many branches of mathematics and applied mathematics. It has been studied by many authors, see for example, [5] , [8] , [14] .
Recently, the problem of the existence of positive radially symmetric solutions of the problem Z. GUO Au + /(«) = M)=0 in fi 1 «=o on an] (1.3) where Q <= R w , N ^ 3 is a symmetric domain and / is nondecreasing, has attracted much interest and has been treated by many authors (see [5, 9, [15] [16] 10] ). An important contribution was made by Gidas, Ni and Nirenberg [10] who showed that all positive solutions in C 2 (fi) of the equation (1.3) are radially symmetric provided that fi is a N-ball. They also provided that no such result automatically applies to the annulus (see also [13] ). On the other hand, when f(u) is superlinear (i.e. lim,^0 0 /(f)/t=oo) the existence of positive solutions of problem (1.3) with a general Q has been provided under various sets of assumptions, always including a restriction on the growth of / at infinity (see [1, 4, 14] ). It is known that such a growth condition is, in general, necessary for starlike domains [18] . In the case of the annulus, such a growth condition is not necessary [2] . Therefore, the problem of the existence of solutions of equation (1.1) in an annulus is of much interest. It is natural to look for radially symmetric solutions because an annulus is a symmetric domain. We easily give many references ( [2, 6, [11] [12] [13] ).
We shall study the problems when / depends on u and u! and / is nonincreasing for u and «'. When f(r, u, u'(r)) = f(u) and f(u) is nonincreasing, some results about the existence and uniqueness of a positive radially symmetric solution of the problem (1.1) with the boundary condition (1.2a) has been given in [11] .
Putting
radial solutions of (1.1) are solutions of M "(0 + </>Wir(t,u,«'(0)=o t o <t< tl (l.iy (see [2] ). Now the boundary conditions become
u'(t o ) = 0 and ^1^ = 0 (1.2b)' u(t o ) = 0 and u'(t,) = 0 (1.2c)'
(when R 0 = ao, t o = 0). In this, or other equivalent forms, these problems have been investigated by many authors (see [3, 7, 11, 17] ). Our results improve on the results of [3] , [17] and cover many new examples not treated by [3] , [11] , [17] .
By a solution u of (1.1)' we mean ueC 2 (t 0 ,t t ) n C ' [ t o , t i ] . In Sections 2-3, we use the Leray-Schauder degree to seek positive solutions of (1.1)' subject to one of (1.2a)', (1.2b)' and (1.2c)'. All the results obtained in Sections 2-3 can be applied to obtain the existence of a positive radial solution of (1.1).
2.
In this section we establish the existence of positive solutions on [t o »'i]
where t o >0, <j>{t) is as in (1.4). 
Theorem 2.1. Suppose that
(i) g is continuous on [t 0 , t x ] x (0, oo) x (-oo, oo); (ii) 0 < g ( t , u , z )^\ l / ( t ) h ( u ) on ( t 0 , t t ) x ( 0 , co) x ( -c o , co), where
Example! Let g (t,u,z)=(t-t 0 )
2 u-
, we obtain from Theorem 2.1 that the equation for r e [i?j,/?,)] with the boundary condition (1.2c) has a positive radially symmetric solution.
Proof of Theorem 2.1. We consider the problem:
where nefy = {l,2,3,...} to avoid the possible singularity of g at u = 0. If u is any solution to (2.2), then u"<0 on (( 0 »^)-So, u'>b^0 on (t o ,t x ) which implies that u is strictly increasing on (t o ,ti)-Accordingly, we may remove the singularity at u=0 by defining
is a solution to (2.2). We now consider the family of problems
where 0<<5<l is a positive real number which is determined below and Ae[0,1]. Let u(t) be a solution of (2.4 
)^, then u(t)^l/n, u'(t)^b for te[t o ,ti]-We also have w" + (l -A)S + A(j)(t)il/(t)h(u)'^.u" + (l -X)8-\-X4>{t)g n (t,u,u') = 0 and this implies -u"^(l-X)6 + X4>(t)\j/{i)h{u). Integrating from t to t t we obtain
since /i is nonincreasing. Thus,
Dividing by h(u(t)) and integrating from t 0 to t we obtain (2.6) It follows from (e) that there exists a constant C o > 0 which is independent of k, 5, n, such that where C^ >0 is independent of A, n. Let with the obvious norm. We know that K ab and C are Banach spaces (see [3] ). Define mappings G i , 11 :
\x(t)u"(t)\^x(t) + <t>(t)<P(t)^C
Of n (t.«.«')]» J» = ". and L« = x(t)«"(0-Clearly G Afl is continuous by the continuity of x(t)g n . By the same idea as in [3] , [17] we know that j is completely continuous and L" l exists and is continuous. Now, (2.4)5 is equivalent to
and define [3] , [17] . In [17] , one of the conditions on h(u) is f 0 n(s)rfs<oo, ce[0,oo). So, for example, no result of [17] applies to Example 2 above. 
Theorem 2.2. Suppose that
(i) g is continuous on (t 0 , t j x (0, oo) x (0, oo), (ii) ^t)^g(t,u,z)^(t)h(u)p(z) on(t 0 ,ti)x(0,oo)x(0,oo),
Example 3. Let g(t,u,z) = il/(t)h(u)p{z); here tfr(t) = t, /I(M) = M "

18)", then u(t)^l/n u'(t)^l/n, for t6[t o ,ti]. It follows from (ii) that u(t)^0(t) + 1/n and u'{t)^ff(t) + l/n where = 2-l (l-X)5(2t l -t o -t)(t-t o ) + x\ 'j(j>(v)Z(v)dvds, (2.19) (0 3 d'(t) = (l-X)5{h -t) + k\ Hs)Z(s)ds,
1^( ti-to)](t-to))}" 1 be as in Theorem 2.1, then the result of this theorem follows from a slight modification of the proof of Theorem 2.1 by changing the order of integration (see [3] 
, [11]).
If g{t,u,z) has singularities at t = £ 0 > t = t t and l i m^^^, u , z ) = 0 for (t,u)e(t o ,t i ) x (0, oo), then the following theorem applies: 
Proof. We only discuss the case when u'(t l ) = b = O. We consider the family of problems
Here g n (t,u,u'), ). are as in the proof of Theorem 2.2. Let u be a solution of (2.27)", then u(t)^l/n and u'(t)^l/n, for te[t o ,ti]-From (ii) we know that 
Remark 2.
By the same methods we can discuss the following problem
and obtain results similar to the above theorems.
3.
In this section we examine the existence of positive solutions on (t o ,t l )(t 0 >0) to Proof. Use the same idea as in the proof of Theorem 1 of [11] .
Theorem 3.2. Suppose that Here C 10 , C l t and C 12 are positive constants which are independent of k, n and S. The remainder of the proofs follows from a slight modification of the proof of Theorem 1 of [11] . 
Remark 3. It follows easily that the results of Theorems 2.3 and 3.2 still hold for t o = 0 if the function m(t) = <j)(t)\]/(t) satisfies the conditions imposed on tp(t), n(t) = (j)(t)^(t) satisfies the conditions imposed on £(t).
